Supplementary Text

Estimating the speed and age of the selective sweep at the rhodopsin locus
In order to obtain estimates of the age of the selective sweep at the rhodopsin locus and the speed with which it took place, we examined genotype data for a set of 1,170 individuals collected as part of a high school project (Forskarhjälpen) where the students collected samples, in the range of individual fish per locality, of Atlantic and Baltic herring around the Swedish coast (Table S2 , Fig. S1 ).
The samples were genotyped for approximately 45,000 SNPs using the SNP-chip described in Martinez-Barrio et al. (1) . The SNP-chip design was biased in favor of markers that showed differentiation between populations, leading to a relative abundance of markers around the rhodopsin locus. In total, the relevant region on chromosome 4 contain as many as 706 SNPs, including the two missense mutations Phe261Tyr and Ile213Thr discussed in the main text. This marker subset was used for the analysis below.
Heterozygosity in different genetic backgrounds. By splitting the dataset into individuals that are homozygous at either Phe261Tyr (n = 380) or Ile213Thr (n = 136), we detect, in both cases, a distinct drop in observed heterozygosity around the rhodopsin locus that is absent in the complete data set ( Fig.   S2 ). In addition, the low-heterozygosity region is substantially larger for the Thr213 homozygotes, which supports the notion that it is a subsequent mutation. This is further supported by the fact that all Thr213-homozygotes are also Tyr261 homozygotes, while the reverse is not true. Finally, even the heterozygous individuals are consistent with Thr213 exclusively occurring on the Tyr261 background, as shown by D'-values equal to 1 in all populations where Ile213Thr is polymorphic (Table S2 ). This allows us to characterize the locus by tracing three alleles: Thr213-Tyr261 (subsequently TY), Ile213-Tyr261 (IY) and Ile213-Phe261 (IF). In this nomenclature IF is the ancestral haplotype, IY is the version generated by the original sweep and TY is the derivative double-mutant allele.
Overall LD structure. The frequency of Tyr261 (i.e. the sum of the TY and IY alleles) is 43% in the full data set. Thus, by using all individuals, we are able to detect the extent of long-range LD between the two derived haplotypes and the ancestral counterpart around the rhodopsin locus in the sampled herring populations, which provides an estimate of the size of the original sweep haplotype at the time it rose to near fixation ( Fig. S3A ). By summing up the r 2 -values from all pairwise comparisons for each marker, an approach used in (2), we obtain a profile that can be used to define the sweep region ( Figure   S3B ). Based on this, we define the sweep region as covering 3.2 Mb in total, from 9.3 Mb to 12.5 Mb on chromosome 4. LD was calculated using the R package GenABEL (3), using the functions "r2fast" for r 2 and "dprfast" for D'.
Speed of the sweep. We performed simulations with the intent of determining how many generations a region of this size (3.2 Mb) surrounding the rhodopsin locus could be expected to remain intact without breaking up due to recombination by using the recently reported linkage map for Atlantic herring (4) to guide the occurrence of simulated recombination events. The simulations were performed using custom R (5) code (available on request), where up to one recombination event was placed on the chromosome each generation, with each base having a probability to be chosen proportional to the slope of the linkage map at its position. Fig. S3C shows an example of a simulation run, and Fig. S3D shows the median size, based on 1,000 runs, of the intact fragment, i.e. the distance from the recombination point closest before rhodopsin to the one closest after rhodopsin, as a function of the number of generations after the mutation occurred. From these results, we estimate the time span of the sweep, from mutation to high frequency in local populations, to fall in the range of 23-65 generations corresponding to 140-390 years based on an assumed generation time of 6 years (6). Fisher's equation for allele frequency
where p is the change in allele frequency from generation i to i+1, pi is the frequency of the favored allele at generation i, and si is the frequency-dependent selective advantage at generation i, can be used to estimate the strength of selection needed to achieve a sweep within in the given timeframe.
Assuming a local breeding population of 10 6 chromosomes at the time of mutation, which is likely conservative, and that reaching an allele frequency of 50% is sufficient to establish a persistent LD footprint, this corresponds to a per-allele s-value of 0.2 or more, in order to establish the haplotype at or before the upper limit of 65 generations.
∆ p= s i × p i
Age of the sweep. In order to provide an age estimate for the two mutations, we have use the decay of LD among SNP-alleles that are exclusive, or nearly so, to the pair of Baltic alleles (TY and IY), with the underlying idea that these SNPs were likely both present on and, mostly, private to the originally mutated chromosome. Adapting the formula for age of a mutation presented by Risch et al. (7) ^=
where ^ is the estimated time since mutation in generations, ^ is the fraction of mutated haplotypes carrying the originally linked allele, pN is the fraction of background haplotypes carrying the same allele, is the recombination frequency between the marker and the rhodopsin locus, and is difference in allele frequency between the mutated and background haplotypes. In the special case when pN ≈ 0, both^ and equal the observed allele frequency on the mutated haplotype (pm). Thus, we where it can be seen that the left-hand side markers vary wildly, likely due to an early recombination event close to rhodopsin causing a big drop in LD that is shared between the two haplotypes. However, the markers located beyond that point and extending right-wards from the rhodopsin locus all generate consistent age estimates that have medians of 1063 generations for the Thr213 mutation and 6971 generations for the Tyr261 mutation. Given an estimated generation time of approximately 6 years (6), these values correspond to 6,400 and 42,000 years ago, respectively. It should be noted that the absolute value is sensitive to the estimate of , and is also affected by the fact that some amount of the recombination events will in fact occur between chromosomes that both carry the mutant haplotype and are thus silent with respect to affecting pm. However, the difference in age estimates between the two mutations is a stable result that, in light of the estimated quickness of the original sweep, strongly supports the notion that Ile213Thr is also under positive selection, albeit at a lower intensity.
Structure analysis of herring rhodopsin
Our in silico-designed 3D-protein models suppose that the threonine/isoleucine variation in TMH5 is located at a spatial region crucial for retinal binding or release (8, 9) . Hereby the adjacent phenylalanine at position 212 that directly covers the retinal binding site may play an additional role ( Fig. 2b) . However, the exact function of amino acids at position 213 cannot be definitively clarified so far, but it might be part of a "second shell" close to an opening for retinal release or entry. Of note, in all cone opsins an isoleucine can be found at the corresponding position (Fig. S5) .
The amino acid variation Tyr/Phe261 is located in TMH6 which is a key player for the activation process in class A GPCRs (10) . In the general activation process a ligand mediated movement of TMH6 opens the intracellular binding site for signal effectors G-protein or arrestin and by this regulates subsequent cellular signaling cascades (10) (11) (12) (13) (14) in close proximity to position 261 is the highly conserved Trp265, which is known as a molecular switch for ligand-mediated activation of the TMH6 in rhodopsin (11, 12, 15) cone-opsins (16) and other class A GPCRs e.g. (10, 15) . 
